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THEEFFECTOF THEWINGSOF SINGLEENGINEAIRPLANESON

PROPULSIVEEFFICIENCYAS SHOWNBY FULLSCALEWINDT-UNNELTESTS..

By FredE. WeickandDonaldH. Wood.

. summary

An investigationwasconductedin thePropellerResearch

Tunnelof theNationalAdvisoryCommitteeforAeronauticsat

LaagleyField,Virginia,to determinetheeffectof thewings

on propulsiveefficiency.An opencoc.~itsingleenginefuse-

lagewastestedwithandwithoutbiplanewingsanda closed

cabinfuselagewithvaryingamountsof cowlingwastestedwith —

andwithouta monoplanewing. A standardmetalpropellerand

ll~irlwindl’enginewereused. Thewingsareshownto causea.

reductionof from1 to 3 per centinpropulsiveefficiency,

whichis aboutthe sameforthemonoplaneas forthebiplane

wings.

Introduction

Extensivemodeltests,conductedby nwnyagenodes,have

furnisheda greatamountof dataonpropeller-bodyinterference..
Inmostof theseteststhewingswereleftoffandin consequence

● thereaxeverylittledataon theinterferencebetweenwingsad

propellers.In thisinvestigationthepropulsive

standardmetalpropellerwasobtainedon a single

efficiencyof a

enginecabim
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fuselagewithandwithouta monoplanewing,and&lSO on an open

cockpitfuselagewithandwithoutbiplanewings. Thepropeller

wastestedat twopitchsettings.Theinvestigationwasmadein

+ thePropellexRe~earchTunnelof theN“ationalAdvisoryCommittee

forAeronauticsatLangleyField,Virginia.A furtherinvesii-
.

gationisnombeingconductedin whichtheinterferenceofna-

celles,propellers,andwingsis tobe measured.

MethodsandApparatus

ThePropellerResearchTunnel- itstestequipmentand

methods- havebeendescribedinReference1. Thestandardpro-

ceduretheredescribedwasfolloweain thesetests.

ThefuselageshavebeendesignatedasNos.1, 2, 3, -d 4,

andareshownin Figures1, 2, 3, and4, respectively.Theopen

cockpitNo.1 andtheclesedcabinlioo 2 havetheentireengine

exposed.ClosedcabinfuselageNo.3 hastheenginepartly

cowled,whileNo.4 hasthe sameamountof c~wlingbutwitha

spinner.
.

Thewingusedon allthecabinfuselagesWaSof 12-foot

spanand~-footchord,witha thicksection.(C#ttingen38~).

The12-footspsnwasdeemedsufficientto extendoutsideof

thepropellerinfluence.A windshieldto simulatethaton an

actual.airplanewasbuiltintotheleadingedgeabovethefuse-

lage. Tailsurfaceswerenotusedbecauseearliertestshad

.

.-1

showntheirinfluenceonpropulsiveefficiencyto be negligible.
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Thewingis showninplaceon fuselageNo.3 inFigure5. In

Figure6, thewinghasbeenremoved.Thewingsfortheopen

cockpitfuselagewerestandardVE-~biplanewings. Theyaxe

~hownattachedto fuselageNo.1 in Figure~. Thisfuselageis

shownwithoutwingsin Figure8. Theenginewasa standard

ll~irlwindllJ-5air-cooledradial~

Thealuminumalleypropellerwasof standardNavyform with

detachablebladesand9 feqtin diameter.Itwassuppliedby

theBureauof Aeronauticsof theNavyDepartment.Itsdimensions

aregiveninFigure9 anditsbladewidths

thepitchdistributionareshowninFigure

madeatpitchanglesof 15° aad?3°at the
# ~~illbe notedthatthereis a considerable

wardthehubat thesesettings.c

andthicknessesand

10, Alltestswere

42-inchradius.It

washoutof pitchto-

, As detailedinReference1, thetorquedynamometermeasures

alltorqueactingon theenginemounting.~is measuredtorque

includesa smalltorquedueto thetwistof theslipstreamwhich

act6on theexposedcylindersandspecialtestsweremade(Refer-

ence2) to determineitsmagnitude.Theresultswereappliedas

a correction(amountingto asmuchas 3 per centin somecases)

to themeasuredenginetorque.

Theresultanthorizontalforceof thepropeller-bodycombi-

natio~ whichmaybe eithera thrustor a dxagjwasmeasuredon

theregulsxbalsmce(Reference1). Thisresultanthorizontal

SW. force R, is ccmposedof threecomponents,suchthat
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R=T- (D+AD)

or R= T-D-AD (1)

where T = thethrustof thepropellerwhilecperating -

in frontof thebody(thetensionin thepro-

pellershaft).

D = thedragof theairplanealone(withoutpropeller)

at thesameairvelocityanddensity.

Al) = theincreasein dragof theairplanewithpropeller,

dueto theslipstre~.

To obtainthepropulsiveefficiency,whichincludesthepropeller–

bodyinterference,an effective

Effectivethrust= T -

or from(1) = R+

4

thrustisused,definedas

AD

)).

Thepropulsiveefficiencyq, then,is theratioof theuseful

powerto theinputpower,or

T_ affectivethrustx velocity= of advance8
Inputpower

Thispro~ulsi.veefficiencyincludestheincreasein dragof sll

partsof theairplaneaffectedby theslipstream,andalSOthe

effectof thebodyinterferenceon thepropellerthrustandpower.
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Results

Theresultshavebeenreducedto

coefficients

thestandardnondimensional

CT = Effectivethrust
p n2 D4

Clp= Inputpower
p n3 D5

~ = Effectivethrustx velocityof advance
Inputpower

whwre D = propellerdiaeter, andn= revolutionsperunitof

time.

Curvesof thesecoefficientsforfuselageNo.1 aregiven

in Figures11 to 14,withexperimentalpointsmarked,These

aretypicalof alltheresults.InFigures15 to 26,thefinal

curveshavebeendram forallthetestswithcurvesforthe “

testswithwingandwithoutwingon thesamesheet. Thecurves

wereobtainedby fairingthroughtheexperiment&1points,as in

Figures11 to 14. Thefinaladjustedcoefficientstakenfrom.. .
thesecurvesaregivenin TablesI toVIII.

Frominspectionof thecomparativecurves,it isnotedthat

thepropulsiveefficiencywiththewinginplaceis from1 to 3

per centlowerthanwithoutthewing. Thereductionin

ciencyis slightlygreaterforthehigh-pitchsetting.

Themonoplanewingcausesaboutthesamereduction

ciencyastpebiplanetings~
%.=

effi=

in effi-
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Thewingseemsto causea smallincreasein aerodynamic

pitchas wellas an increasein thethrustandpowercoefficients.

At the ~ formaximumefficiencytheeffectismainlyan in-
nD

creaseinpowercoefficient.

C

1. Themonoplane

opencockpitfuselages

onc lU s i on s

andbiplanewingstestedwithcabinand

causeda reducti.ominpropulsiveefficien-

cy of from1 to 3 per cent=

2. Tinelossin efficiencywasslightlygreaterathigh

pitchsettings.

3. Aboutthesamelosswascausedby
.

as by thebiplanewings.

●

themonoplanewing

LangleyMemorialAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,August8, 1929. -
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●10

.15

.20

.25

,30

.35

●40

.45

,50

●55

.60

.65

.fo

.~5

.80

.85

‘ TABLEI.

FirialAdjustedCoefficients

FuselageNo.1 - withwing

PropellerNo.4412
15° at 42 in.

CT

.0849

.0811

.0772

●O?30

.0682

.0635

.0581

●0530

.04~2

.0412

●034~

.0280

.0215

●0151

.0083

.0019

Op

.0361

.0361

.0361

.0360

.0360

.0355

.0349

.0338

.P320

.0298

.023’1

.0240

.0203

.0168

.o12y

;0083

n

.235

.337

.428

.506

.569

.625

.665

.705

.~38

.~6C

.768

.759

.~40

.6~4

.522

.195
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TABLEI (Cont.)

FinalAdjustedCoefficients

FuselageHo,1 - withwing

PropellerNo,4412

23°at 42 in.
Q

Z-5
●10
.15
,20
.25
.30
●35

:2
.50
●55

.65
●70
.75
.’50
●85
.90
.95
1.00
1.05
1.10
1.15
1.20

●Q941
.0942
.0941
.094Q
.0938
●0930
.0921
.0901
i0872
.0830
;0781
.0730
●o~yo
.0612
.0542
.0492
.0433
.0374
.03~6
.0258
●0201
●0141
.0080

Q
.0650
.0650
.0650
.0G50
.0650
.0650
.0649
.0649
.0648
.0645
.0638
.0625
.0605
.0581
.0545
.0523
.0488
.0448
●0401
●0351
.0299
●0240
.0180

.

8

,

,145
.218
.290
.362
.433
.500
.-567
●625
.673
.706
.735
.759
.-775
.789
.795
.Roo
.798
.794
.786
.771
.7Z0
.G75
.5Z0
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v
Y5
●10

.15

●20

.25

.30

.35

.40

●45

,50

.55

.60

.65

.~o

.75

.80

TABLEII

FinalAdjustedCoefficients

FuselageNo.1 - withoutwing

PropellerNo.4412

15° at 42 in.

CT ~
.0869 ~

.0830

.0790

.0~42

.0695

.0642

●0591

.0539

●04~9

●0410

.0342

.02y2

.0208

.0135

.0068.

‘tP
.0362

.0362

.0362

.0362

.0360

.0356

●0349

.0336

●0319

.0293

.0264

.0230

●o19y

●0153

●0113

n

.240

● 344

.436

.516

.580

.631

.677--.

.721

.y50

.y~o

.778

,y68

.~39

.663

●480

A
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TABLE11 (Cont.)

FinalAdjustedCoefficients

FuselageNo.1 – withoutwing

PropellerNo.4412

23°at 42 in.

,10
.15
●20
.25
●30
● 35
.40
.45
.50
.55
.60
.65
,70
.?5
.80
.85
.90
.95
1.00
1.05
1.10
1.15
1.20

●0950
●0950
.0950
,0947
●0942
●0939
.0928
●0910
.0880
.0841
●0791
,0?39
.0~80
.0619
.0555
.0490
.0430
.0368
.0308
.0248
●0186
●0120
●0059

up

.0651

.0652

.0652

.0651

.0650

.0650

.0650

.0648

.0643

.0642

.0639

.0623

.0604

.0580

.0558

.0512

.04y5
●0431
.0385
.0335
.0280
.0216
●0151

10

.146

.218
,292
.364
● 435
.505
L.570
.632
.685
.720
*?44
,’770
.?89
.800
.810
.815
.813
●810
●800

● 4yo

.

8
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TABLE111

v
ii-r)
,10

.
●15

●20

.25

●30

●35

.40

.45

●50

●55

.60

.65

●YO

.~5

.80

.85

FinalAdjustedCoefficients

FuselqgeNo.2 - withwing

PropellerNo.4412

15° at 42 in.aCT

●0861

.0822

.0782

.0738

.0690

.0640

.0586

.0531

.0474

0’(3411

.0349

.0286

.0224

.0160

●0103

.0043

%

.0360

.0362

.0366

.0369

.0365

.0360

.0350

.0338

.0320

.0298

.02:2

●0242

●0210

.013’4

.0138

60100

T

.239

.341

.421

,500

.56?

.622

.6~0

●710

.~40

.~60

.~yo

.769

.?46

.690

.595

.365

.
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TfiLEIII(Cont.)

FinslAdjustedCoefficients

#l?uselageNo.2 - withwing

PropellerNo.4412

23° at 42 in. .
vi-n

●10
●15
●20
.25
.30
.35
.40
●45
●50
●55
.60
.65
:70
.75
.80
.85
.90
.95
1.00
1.05
1.10
1915
1.20
1.25

●0930
●0939
●0941
.0942
.0938
.01324
s0909
.0882
.0854
●0818
.0773
*072y
●o~y4
.0623
●0574
●0521
.046~
.0408
.0347
.028?
.022E
●01.yo
,0109
●0050

.0649

.0654

.0660

.0662

.0664
Q0666
.0664
●0661
.0656
.0650
.0640
.0629
:0610
.0590
.0566
●0539
.0506
.0465
●0409
.0370
●03i6
.0258
,0197
●0133

t-

T

.143

.216
I .286

,356
.424
.485
.548
.600
.650
.692
,725
.?53
.7~4
.793
.811
.822
.830
.833
.829
●816
.793
.?58
.663
● 430

12

.

,4

L
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TABLEIV

FinalAdjustedCoefficients

Fusel~eNo.2 - withoutwing

v
9 E-5

●10

.15

.20

.25

●30

● 35

.40

.45

.50

.55

.60

.65

.yo

.y5

.80

.85

PropellerNo.4412

15° at 42 in.

CT

●0860

.0828

,0~85

.0740

.0694

.0645

s0590

.0534

,04y8

.0416

.0353

.0291

.0228

.0162

●oo9~

.0030

%

.0341 ●

.0348

●0350

.0352

.0350

●0349

.0342

.0333

●0319

~.0298

●02yl

.0242

.0210

.01y6

.0135

●0091

13

.252

.356

.448

.525

.595

.645

.690

.~21

.749

.770.-

.782

.~iz

.757

.690

.5~5

.280
.—

.
b
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vii-n
●10
.15
..20
.25
s30
,35
●4O
●45
● 50
.55
,60
,65
●70
.?5
.30
.85
.90
●95
1.00
1.05
1.10
1.15
1.20
1,25

TABIJEIV (Cont.)

Final.AdjustedCoefficients

FuselageNo.2 - withoutwing

PropellerNo.4412

23°at 42 in.

.0958

.0954
●0949
.0942
●0931
.0920
.0906
,.0886
.0861
.0830
.0792
.0?’50
,0G99
,0641
.0581
.0519
.0454
.0388
.0325
.0264
.0204

.0668
●0666
.0664
.0664
.0661
●0660
●0660
●0658
.0652
.0650.
.0644
.0636
.0619
,0595
.0566
.0530
.0486
●0439
.0388
.0339
.0284
.0231
.oly3
.0114

14
●

n

● 144
.214
.286
●355
,422
●489
●550
.60~
●660
.3’02
.738
.?65
.790
.~08
.820
.831
.839
.840
.832
.820
● 790
.“730
.615
.380
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TABLEV.

FinalAdjustedCoefficients

FuselageNo.3 – withwing

PropellerNo.4412

15° at 42 in.
vii-m

“

.

●10

●15

.20

.25

.30

●35

●40

● 45

●50

●55

.60

.65

.~o

●y5

.80

.85

.0856

.0819

.0777---

●o!31

●0686

.0638

.058~

.0536

●0481

.0426

.03~o

.0308

●0248

.0188

.0123

.0061

%

.0352

.0358

.0360

.0360

.0361

.0356

●0350

.0340

.0321

.0309

.0288

.0260

.0230

.0199

.0160

●0119

15

q

.243

s343

.432

.509

● 5~0

.626

.6~0

.ylo

.y35

.758

.TJO

.7yo

.755

.~o~

.613

● 435

,a . *
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TABLEV (Cont.)

AdjustedCoefficients

T
E-’-D”
●10
.15
●20
.25
.30
.35
.40
●45
●50
.55
.60
.65
●7’0
.75
.“80
.85
,90
.95
1.00
1.05
1.10
1.15
1.20
1,25
1.30
1,32

FuselageNo.3 - withwing

PropellerNo.4412

23° at 42 in.

.0954

.0960

.0960

.0958

.0950

.0938

.0921
..0898
.0871
●0838
.0796-
●0749
s0699
.0643
.0592
●0534
.0477.-.
.0425
●0370
.03i8
.0264
●0206
●0150
.0084
.0023
●0000

.0681

.0684

.0688

.0690“
‘.0690
.0690
.0690
●0683
.0684
●0681
.0672
.0657
.064b
.0618
.0593
.0563
.0530
.0498
.0458
.●0417,
.0369
90311
.0257
.018~
●0120
.0080

16

.1400

.2090 .

.2790

.3470

.41%0

.4760
,5340
.5880
.6370
.6’J’80
s~loo
.7410
.7630
.?’800
..?980

●

●

✎

●

●

✎ ✎

●

b

●

4

8040
8100
8100
8060
8000
7880
~600
?000
~650
2500

● 0000
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TABLEVI.

FinalAdjustedCoefficients

FuselageNo.3 - withoutwing

PropellerNo.4412
~50 at 42 in.

vii-m

.

.

●10

.15

●20

.25

● 30

.35

.40

,45

●50

.55

.60

.65

.yo

●Z5 .

.80

.85

CT

●0864

.0829

.0~89

.0734

.069~

.0642

●0591

.0538

.04~6

●0419

●0359

.029~

.0228

●0253

.0101

,0040

●CP
.0352

●035~

.0360

.0360

●0359

,0353

.0349

.0339

.0322

.0302

.02y6

.0248

●0212

.0177.-

●0139

●0100

T

.245

● 348

.438

● 510

.583

.636

.6~~

.714

.~40

.y62

.~J8

● 779.-

,’j’51

.696

.580

● 340

.

.
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*

-vn
.10 ~
● 15
.20
.25
.30
.35
.40
●45
●50
.55
.60
.65
● 70
.75
.s0
.85
.90
.95
1.00
1,05 ~
1010
1.15
1,20
1.25

TABLEVZ (Cont.)

FinalAdjustedCoefficients

FuselageNo.3 - withoutwing

PropellerNo.‘4412

23°at 42 in.

.0960

.0960

.0959

.0952
●0945
.0932
.0916
.0895
●0869
.0833
.0792
.0746
.0691
.0635
●0577-,.-
.0519
,0460
.0400
;0340
●0281
●0220
.0164
.Q106
●0045

%

.0676
.0678
.0678 .283
.0676 .352
.06?4 .421
.06~3 .484
. 06?1 ● 546
. 06?0 .600
● 06G8 .651
.0662 I .692
.0658 .722
.0644 .753
. 062~ .771
.0602 ●’7’g2
.0572 .w~
● 05%9 ● 818
● 0500 .827
● 0459 .829
.C!412 .823
.0364 .810
,0310
.0258
.0202
.0140

18

.142

.213

.780

.?32

.630
● 402
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TABLEVII

.

.

●10

.15

●20

.25

.30

● 35

.40

● 45

● 50

● 55

.60

.65

.’j’o

“ .~5

.80

.85

FinalAdjustedCoefficients

FuselageNo.4 - withwing

PropellerNo.4412

15° at 42 in.

●0861

.0821

●07~9

.0~32

.0683

.0620

.0580

;0524

●04yo

.0412

.0356

.0296

.0229

.0169

●0111

s0050

Cp

,0350

.0356

●0359

.0360

.0359

.0354

.0349

.0338

.0322

.0301

.o~78

.0249

.0215

.0180

.0145~

.0105

n

● 246

,341

.434

,509

.570

.623

.665

.699

.y30

.?52

i~69

.y66

.~45 .

.yo2

.613

.405

.
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TABLEVII (Cent.)

AdjustedCoefficients

vin
s10
.15
● 20
.25
● 30
.35
● 40
.45
● 50
● 55
.60
.65
● 70
.75
.80
.85
.90
.95

1.00
1.05
1*1O
1.15
1.20
1.25

Fuselage No. 4 - withwing

PropellerNo.4412
~30 at 42 ino

●0941
.0948
●0950
.0949
●0944
.0936
.0920
.0900
,0872
● 08%8
,0’794
●0745
. 0~92
.0640
.0582
.0525
e0470
.0415
,0359
.0302
.0248

.
● 0188
● 0130
. Ooyo

Cp
.0672
.057’4
● 06?8
.06?9
. 06~9
.0680
● 0679
● 06?’6
. 06?1
. 06~7
. 066t)
.0648
.0640
.0610
.0582
.0552
.0521
.0488
● 044s
. G401
● 0353
.0296
.0234
●Olyo

20

●140
,211
.280
● 350
.416
.481
.541
.598
.643
.690
.720
.?46
.“768
.?88
.800
.809
●810
.809
.800
.790
.?73
.735
.t!65
.515
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v-im
●10

.15

.20 “

.25

●30

.35

.40

..45

.50

.55

.60

.65

,yo

.~5

.80

.85

TABLZVIII.

FinalAdjustedCoefficients

FuselageNo.4 -withoutwing.

PropellerNo.4412
4

15° at 42 in.

.0869

.0830

.0~89

.0y42

.0692

.0641

●0586

●0541

.04~5

●041~

.0355

.0291

.0225

.0161

●0101

●0040

%

,0354

.0358

.0360

.0360

●0359

.0352

●0346

.0336

.0320

.0301

.0243

●0210

.ol~4

.0140

●0100

.—
● 246

.34?

.438

●515

.528

.638

.691

● 5~5

.340

.

.
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N.A.C.A.TechnicalNoteNo. 322

.

.

vii-m
●10
.15
.20
.25
.30
.35

:%
● 50
●55
.60
.65
●70
.?5
.Bo
.85
.90
.95
1.00
1.05
1.10
1.15
1.2-0
1.25

TABLEVIII(Cont.)

FinalAdjustedCoefficients

FuselageNo.4 - withoutwing

PropellerNo.4412

Z3*at 42 in.

●0941
.0944
●0945
●0941
.0938
.0929
●0911
.0891
.0869
.0835
.0794
.0748
s0698
.0639
.0579
●0521
.0460
Qwoo
.0342
.0285
.0228
.0165
.0105
.0043-

Cp
.0662
.0663
.0665
.0666
●0667
●066s
.0664
~0661
●0660
.0658
.0651
.0646
.0630
.0602
.0571
●05-ao
●0500
.0457
●OKL2
.0366
.0318
.,0260
.0200
●0140

22

.142

.214

.284
● 353
● 422
.489
.549
●606
.659
.698

●809
.820
.829
.830
.828
●818
.786
.730
.G30
.380

P

.
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